Abstract. The use of peer assessment (PA) as an alternative form of evaluation method is reported to be helpful in learning and is increasingly being adopted in higher education settings. Through collecting data from 280 university students in Taiwan, a 20-item instrument was developed to investigate university students' attitudes toward and perceptions of PA and online PA. Four subscales, Positive Attitudes, Online Attitudes, Understanding-and-Action, and Negative Attitudes, were extracted and reliabilities were calculated. Results revealed that participating students held positive attitudes toward the use of PA activities, but they viewed online PA as a technical tool to facilitate assessment processes, rather than as a learning aid. Male students had more positive attitudes toward PA than females did, and students with previous PA experiences had less negative attitudes toward PA. A majority of these students suggested that the PA score should be counted as a small part of the total course grade, and there was an effect of the perceived importance of PA score on students' attitudes toward these four subscales.
Introduction
Recently, the use of peer assessment (PA) as an alternative form of evaluation method has profoundly changed the role of assessment itself. PA is found to increase student-student and student-teacher interactions, and can be used to enhance learner's understanding about other students' ideas during the learning experience (Butler and Hodge 2001; Falchikov 1995; LeMare and Rubin 1987; McGourty 2000; Sluijsmans et al. 1999) . PA can increase learners' understanding in the cognitive and metacognitive domains, and develop social and transferable skills (Topping 1998) . Using the Internet in aid of PA can improve the freedom of time and space for learners (Tsai et al. 2001a) , increase the effectiveness of learning (Rubin 2002) , and may also promote students' attitudes toward PA by utilizing anonymous online marking and feedback. The present paper reports the development of an instrument to investigate university students' attitudes and perceptions toward PA in general, and toward online PA activities, in particular.
Related literature

Peer assessment in general
Academic assessment serves several purposes. For example, Boud (1990) argues that assessment of students 'intends to improve the quality of learning . . . [and] the accreditation of knowledge or performance ' (p. 102) . In turn, these two purposes can be differentiated in terms of formative assessment, which serves students' learning needs, and summative assessment, which serves the needs of the society to evaluate the end-result of schooling. Boud argued that the need for the formative assessment is usually neglected, and alternative assessments should be developed in order to improve student learning. Assessment methods are found to be associated with students' learning approaches (Scouller 1998 ); therefore, teachers should carefully choose ordinary and alternative assessment tools to enhance student learning. Alternative methods of assessment, including self, peer, and collaborative assessments, are designed to develop active, autonomous, responsible, and reflective learners (Sambell and McDowell 1998) , and these methods have been reported to help students' understanding of their own learning (Sluijsmans et al. 1999) .
Peer assessment recently has been often used as an alternative assessment method, particularly in higher education. PA can be defined as the process whereby groups of individuals rate their peers (Falchikov 1995) , and this process may involve various types of activities such as peer feedback and peer learning. Falchikov (2001) further distinguishes these related terms about PA.
In peer assessment, members of a class grade the work or performance of their peers using relevant criteria . . . In peer feedback, students engage in reflective criticism of the work or performance of other students using previously identified criteria and supply feedback to them . . . In peer learning, students learn with and from each other, normally within the same class or cohort . . . (pp. 2-3).
In the process of PA, students are able to observe their peers and of come to better understanding of how their peers learn. Sluijsmans et al. (1999) have reviewed research articles regarding PA and have concluded that the process of PA engages learners in judgment making. Besides rating or marking, PA is also a part of learning experiences. Throughout the PA process, students learn to develop high levels of responsibility and to focus on learning itself. PA also provides the learners a context where they can observe the role of their teachers and understand the nature of assessment (Hanrahan and Issacs 2001) . PA helps students to learn about learning and, therefore, enhances students' metacognitive understanding about their own learning process.
Related studies show that students generally display a liking for PA activities because these activities provide an opportunity for comparison of student work, but they are much less appriciative of criticism from peers (Brindley and Scoffield 1998; Cheng and Warren 1997; Paquet and Des Marchais 1998; Smith et al. 2002; Williams 1992) . Teachers also agree on the helpfulness of PA in learning and relevant evaluation techniques (Zevenbergen 2001) . However, studies also show a lack of self-confidence by students when rating their peers (Sullivan et al. 1999) , and the need for a pre-existing guideline or rule for the assessment activity (Orsmond and Merry 1996) . Clifford (1999) devised a learner-controlled learning environment and utilized both peer-and self-assessment techniques to help students develop autonomy. The researcher surveyed students' attitudes toward PA and reported that students found PA activities educative, but they also felt frustrated without clear frameworks and guidance. Furthermore, these students viewed grading as the teacher's responsibility because they wished to stay away from 'the process of evaluating . . . peers' performance where marks are concerned (p.122).'
Research studies also draw attention to the validity issue associated with the PA assessment process (Arnold et al. 1981; Sluijsmans et al. 1999) . In a comprehensive review, Topping (1998) tried to collect research studies related to the issue of reliability and validity of PA. Topping's qualitative review found conflicting results in that many studies proposed high validity, but still a few revealed low validity of PA. Consequently, the validity issue of PA is still a concern for evaluating student learning. Falchikov and Goldfinch (2000) conducted a similar review using quantitative meta-analysis to compare peer and teacher marks, and they also pointed out the issue of PA validity and the importance of a well-organized criterion or guideline when implementing PA. Hence, an exploration about students' views about the validity and the need of providing relevant criteria of implementing PA is quite important when probing students' perceptions about PA activities.
Computer-or Internet-assisted peer assessment
Integrating instruction with the Internet is one of the current trends in education at all levels. Davies (2000) suggests that the problems of increased teacher workloads and class size, as well as delays in the grading procedure, could be solved by the introduction of computeraided assessment. Davies investigated a group of undergraduate students after they participated in a computerized PA project, and found that non-anonymous PA was negatively perceived by these students, and this could be associated with the difficulty of criticizing or rating their peers. However, other research has suggested that anonymous assessment could provide more truthful and appropriate attitudes toward the assessment processes (Ballantyne et al. 2002; Lejk and Wyvill 2001) . The implementation of computerized or online PA activities can not only speed up grading time and provide more meaningful feedback (McGourty 2000) , but also makes anonymous PA possible. Using the Internet as a tool for implementing PA can provide learners with an anonymous environment to freely express their thoughts and ideas about other students' work, and students can interact with the teacher and other students with less restriction of location and time (McConnell 2002; Rubin 2002; Topping 1998; Tsai et al. 2001a Tsai et al. , 2002 .
Another concern for the PA process is with gender differences in the grading procedure (Falchikov and Magin 1997) . In a study of group PA (Johnson and Smith 1997) , female university students received lower PA marks than male students, even though their marks from staff were higher than their male counterparts. In addition, females are usually perceived as less competent or confident in and less motivated toward the use of technology compared to males (Spotts et al. 1997; Tsai et al. 2001b ) with few exceptions (Clegg et al. 2000) . Few studies have focused on investigating students' perceptions of online PA specifically, and there is a need to examine the gender difference in students' attitudes toward online PA.
Based on the literature above, we developed an instrument that sought to examine university students' perceptions of and attitudes toward online PA. Demographic information and students' perceived importance of the PA score in relation to total course grade were also gathered for further analysis. In addition, gender differences in perceptions and attitudes were explored.
The study
Sample
The participants in the study were 280 university students from two large national universities in Northern Taiwan. One of the universities is a teacher preparation institution and the sample was from the College of Science; the other university is more science/research-oriented, and the sample was from the Center for Teacher Education. The majority of the participants were studying for undergraduate degrees (85.1%), and only 14.9% were graduate school students. Male students constituted 58.1% of the total sample, and the remaining 41.9% were female students. Most of the participants (80.4%) majored in science, 4.6% majored in engineering, 5% majored in business, and 3.2% majored in art/social sciences. This uneven distribution is due to the sampling procedure, and caution is therefore necessary in generalising to non-science students.
Instrument and procedure
Although peer learning and assessment involves many different types of activities, as already noted, the current study defines PA as any peerinvolved assessment activities. To understand what university students think about PA and online PA, we developed a 34-item, 5-point Likertscale questionnaire based on previous studies by other researchers (e.g., Brindley and Scoffield 1998; Cheng and Warren 1997; Falchikov 1995; Paquet and Des Marchais 1998; Stanier 1997) . The response was coded as 1 ¼ strongly disagree to 5 ¼ strongly agree. A further item (i.e., item 30) sought students views on the proprotion of the total grade that should be contributed by PA and the options were: PA scores should (A) not be counted, (B) counted as a small portion of the total course grade, (C) counted as a half of the total course grade, (D) counted as a large portion of the total course grade, and (E) counted as 100% of total course grade. Another item (i.e., item 1) asked about students' past experiences of participation in PA activities. About 41.0% of participants had no previous PA experiences, and 59% had PA experiences in the past.
An exploratory factor analysis with Varimax rotation was conducted to validate this instrument using SPSS v.11.0. Case-wise deletion was used for missing values. Subscales were extracted from the factor analysis, and subscale scores were obtained by adding the scores from the items of the same subscale and then dividing by the number of items in that subscale. The resulting subscale scores were used in t-tests as the dependent variables to analyze the individual effect of the following factors on students' attitudes toward PA: (1) gender (male or female), (2) education level (undergraduate or graduate school), and (3) past experience of PA (yes or no). The effect of the perceived importance of PA score, as assessed by the aforementioned additional item (item 30), on the subscales was also examined via analysis of variance (ANOVA) method.
Findings
Instrument validation
The exploratory factor analysis yielded 4 subscales and 20 items (Table 1) and the model can explain 54.58% of the total variances. Item 1 (demographical information of participants) and item 30 (perceived importance of PA score) were not included in the factor analysis. Based on characteristics they shared, the four subscales were consequently named as (1) Positive Attitude Subscale (POS), (2) Online Attitude Subscale (OAS), (3) Understanding-and-Action Subscale (UAS), and (4) Negative Attitude Subscale (NAS). POS contains eight items related to students' positive attitudes toward PA in general. These items asked students' perception of the helpfulness of PA in learning, in enhancing classroom interactions, and the fairness of PA. OAS is comprised of five online-related items, including the advantage of using online PA to save time and money, the increase in classroom interactions, and the fairness of online PA. UAS includes three items about student understanding of other's ideas and of what to do in the activity, which are all related to students' understanding of how to act accordingly. The last subscale, NAS, has four items describing PA in a negative sense. These items described students' perception of who is responsible for assessment, the time-consuming aspect of PA, and the biased effect of peer mark on participants' marks to peers.
The reliability of the POS subscale (alpha POS ) was 0.86, reliability of OAS (alpha UAS ) was 0.74, reliability of UAS (alpha NAS ) was 0.63, Table 2 . UAS subscale had the highest mean score among the four, followed by POS score, OAS score, and NAS had the lowest subscale score. Subsequent t-tests comparing the subscale scores with the value 3 indicated that students had significant positive attitudes toward POS and UAS, and neutral attitudes toward OAS and NAS. The correlations among these 4 subscales (Table 3) showed that POS is positively correlated with OAS and UAS, and is negatively correlated with NAS. OAS and UAS also positively correlate with each other. The absolute values of these statistically significant correlations range from 0.19 to 0.46, indicating low to moderate relationships among the subscales.
Education level, gender, and past-experience effects
Results from t-tests (Table 4) showed that education level made no difference in students' attitudes toward these 4 subscales. There was a statistically significant gender effect on students' attitudes toward POS, and a past-experience effect on attitudes towards NAS. As presented in Table 5 , female students held less positive POS attitudes than male students. Students with past PA experiences had a lower NAS score than those who had no experiences before.
POS versus OAS
To investigate the possible differences between students' attitudes toward PA in general and toward online PA in particular, a paired-sample t-test was conducted to compare the scores of POS (mean ¼ 3.33, SD ¼ 0.64) and those of OAS (mean ¼ 3.07, SD ¼ 0.63). The results revealed that students held significantly more positive attitudes toward POS than OAS (t ¼ 6.30, p < 0.01). When comparing POS versus OAS subscale items, the following 2 pairs of items are related to each other: (1) item 11 of POS and item 34 of OAS were investigating students' perceptions of whether PA activities increased teacher/student interactions, and (2) item 24 of POS and item 36 of OAS were about the fairness of PA. Two pair-sampled t-tests were administered for each pair of responses, and students' response to item 11 was statistically significant higher than their response to item 34 
Responses to OAS
A detailed descriptive analysis of students' responses in the OAS subscale is presented in Table 6 . Item 31 asked the students if online PA could be timesaving; item 32 asked students if online PA can increase classmates' interaction; item 33 inquired if online PA can be economical; item 34 asked if online PA could increase student-teacher interaction; item 36 questioned students the fairness of online PA activities. One-sample t-tests were conducted to compare the mean of students' responses to these items with the value 3 (3 ¼ neutral attitude), which confirmed that students were positive toward the online PA's advantages to save time and money (items 31 and 33); however, they held a statistically negative position about the benefits online PA can bring to increase classroom interactions and the fairness of the activities (items 32, 34 and 36). 
Perceived importance of PA score
Item 30 of the questionnaire explored students' perceived importance of PA scores as compared to the total course grade. A frequency report of participants' responses to item 30 is presented in Table 7 . Approximately 10.5% of the participants thought PA score should not be counted in the total course grade (choice A), over half of the participants (66.2%) supported the PA score being weighted as a small part of the total course grade (choice B), and 21.1% of the participants thought PA score should have a 50% weight (choice C). Only 2.3% of participants chose that PA score should be counted as a large portion of the total course grade (choice D), and none of the participants support total reliance on PA score (choice E). A consequent ANOVA was conducted to examine the effect of students' responses to item 30 on the 4 subscales. Participants who chose A, B, and C in item 30 were selected for the study because the sample size in choice D and E was too small. Post hoc comparisons were followed using Scheffe's tests for unequal group sizes. The result of the ANOVA is displayed in Table 8 , and the post hoc analysis is shown in Table 9 . For all 4 subscales, participants responding A, B, or C to item 30 had different subscale scores from each other. In the POS and OAS subscales, participants who chose C had significantly better attitudes high POS score than those who chose B, who in turn had high scores than those who chose A (Figure 1 ). In the UAS subscale, participants who chose B or C held more positive attitudes toward PA than those who chose A. In the NAS subscale, those who chose A had higher NAS score than those choosing C. 
Discussion
After the exploratory factor analysis, the original 34-item questionnaire was reduced to a 20-item, 4-subscale instrument to assess students' perceptions of and attitudes toward PA (see Table 1 ). Because individual differences and preferences may vary from one subscale to the next, and because the nature of these items does not require stable and concrete feedback from each participant, we felt content with the capacity of this new instrument to explain over 54% of the total variance. Furthermore, the composite and individual subscale reliabilities all achieved satisfaction. For social science studies, some researchers have claimed that an alpha reliability coefficient as 0.55 can be recognized and acceptable for further statistical analyses (Hatcher and Stepanski 1994) . This study is an initial attempt to investigate PA, so the reliability measures ranging from 0.63 to 0.86 were considered satisfactory. However, future revision of this instrument is necessary, and researchers can refine this instrument based on this study to accommodate individual research needs. Results also showed low to moderate correlations among the four subscales, which implied that these subscales could identify different domains of students' perceptions of and attitudes toward PA. The average scores of each subscale and subsequent t-tests showed that participating students had a positive attitude toward general PA activities (POS, mean ¼ 3.33, SD ¼ 0.64) and they perceived that PA guidelines were helpful for their understanding of the PA activity (UAS, mean ¼ 3.99, SD ¼ 0.56). Comparing to the value 3, however, they had neutral attitudes toward online PA, indicating that they, on average, were neither positive nor negative toward the use of online PA activities (OAS, mean ¼ 3.07, SD ¼ 0.64). Similarly, they had neutral perceptions of the negative aspects of PA (NAS, mean ¼ 2.99, SD ¼ 0.64), demonstrating that these university students on average neither agreed nor disagreed with these negative aspects of PA. One may argue that POS items in this study probably measured students' personal perceptions while OAS items investigated general attitudes, but the authors are of the belief that OAS is still a plausibly distinct domain, which helps to explain students' ideas about using PA online. Using the data reduced from the factor analysis, we conducted several t-tests and found a gender difference on POS, but not on other subscales (OAS, UAS, or NAS). This interesting result showed that male students were more positive toward PA in general. Related research (Fitzpatrick 1999) reported that female students felt less selfcompetent to rate their peers than male students did during PA activities. Therefore, male students feel more comfortable in rating their peers, while their female peers feel more awkward and hold less positive attitudes. Besides the gender difference in POS found above, however, female students held a similar attitude towards OAS as male students did, indicating female students were not afraid of using the Internet as a tool for implementing PA. This finding leads us to assert that online PA can be used more frequently because it will not be likely to cause female students to resist the use of technology in learning.
Past experience also plays a role in students' NAS scores. Students who had used PA before had lower scores in NAS than those who had never tried, indicating that students with past experiences showed less negative attitudes toward PA than students with no experiences. This implies that the actual implementation of PA activities can improve students' reluctance to participate in similar activities.
The paired-sample t-test of POS and OAS yielded statistically significant differences, indicating that students had more positive attitudes toward PA in general than towards online PA. In addition, the comparison between item 11 and item 34 yielded a significant difference in students' responses, and students held more positive attitudes toward general PA's advantage of increased teacher/student interaction than toward that of online PA. These differences may be contributed to the lack of trust in the use of the Internet, or even to the lack of online PA experiences. Further research is required to explain this difference and to explore the effect of having online PA experiences on learners' attitudes toward OAS.
An itemized analysis of the descriptive information from the OAS subscale showed that students agreed that online PA could save time and money. But they did not perceive that online PA activities were beneficial in increasing interactions in the classrooms, nor did they have confidense in the validity of online PA. It is possible that students treated the online PA method only as a technical tool to facilitate communications and to upload and download assignments and classroom information, rather than a process of learning and sharing experiences. If so, then online PA is perceived only as an environment for information delivery and communication. Therefore, when implement-ing online PA, educators need to design appropriate strategies to help students focus more on the learning processes engaged in PA activities, not simply on the technical support of the Internet technology.
Finally, the results from item 30 showed how important these students saw the PA score in relation to the final course grade. Clearly, most students would prefer the PA score to constitute a minor portion of the final score, and none of the students favoured total reliance on the PA score itself. These results might lead us to conclude that, on the one hand, the university students involved in the study perceived a major part, if not all, of the responsibility of grading should belong to the teacher/instructor. On the other hand, they also respected peers' judgments about their own performance. This finding concurs with many other studies (Brindley and Scoffield 1998; Clifford 1999) , suggesting that more effort needs to be placed on giving students responsibilities for grading, to develop a sense of learner control and ownership of their own learning, especially in higher education. However, this study did not distinguish PA activities between PA with grades and PA without grades, and this difference should be addressed in future research.
Conclusions and future research
This study developed an instrument containing four subscales to measure students' perceptions of and attitudes toward PA in general and online PA in particular. This instrument was validated with desirable reliability. Subsequent analyses found that university students generally held positive attitudes toward general and online PA activities, but they generally seemed to considered online PA as a technical tool rather than a learning aid.
This instrument could be used in the future to examine students' attitude change before and after a PA (or an online PA) activity. Obviously, some further interviews with students, coupled with the use of this instrument, may provide a fuller understanding of how and why students view online PA methods in the context of learning. One may also argue that different online PA activities may have different effects upon students' acceptance of PA; however, this point needs further research to clarify. More research integrating the use of interviews and quantitative instruments, such as the one developed in this study, may also reveal students' views toward PA feedback using online interfaces and the relationship between feedback and learning processes/outcomes as mentioned by research studies (Lin et al. 2001; Tsai et al. 2002) .
Future research could helpfully focus on how to assist students in providing useful feedback in the process of PA activities and how to enhance the validity of PA. Such studies might also emphasize the instructor's role in PA and online PA and help teachers to carefully monitor and manage the PA processes, perhaps through the assistance of online databases.
